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Tumorigenicity of N-Nitroso-Diaethyl, 
-Dimethyl and -Diphenyl-Amines in Skin 
Painting Experiments 
A study utilizing the tetrazolium test and skin applications 
on hairless mice 
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Abs t rac t - -Groups  of 40 hairless mice were painted for 20 weeks with single weekly 
applications 0f 0.1 ml of a 1 ~'o solution of N-nitroso-diaethyl-, N-nitroso-dimethyl- 
and N-nitroso-diphenylamine. The tumor yield was observed. After 80 weeks 
observation time, there were no papillomas, carcinomas or sarcomas developing on the 
skin or in other organs. However, in all three groups lung adenomas developed. Even 
among those 40 mice painted with N-nitroso-diphenylamine, three lung adenomas 
developed. The tetrazolium test for skin carcinogenesis was perJbrmed with the above- 
mentioned substances, and with N-nitroso-aethylurea. The latter substance gave a 
positive result, and it is known to be a skin carcinogen. The three other substances, 
which in this experiment were non-carcinogenic to the skin, gave negative results with 
the tetrazolium test. Thus, the study confirms the validity of the tetrazolium test to 
indicate skin carcinogens. 

I N T R O D U C T I O N  

TIlE JV-NITROSO compounds comprise sev- 
eral interesting chemical carcinogens with a 
high degree of organotrophy. Methyl- 
nitrosourea (MNU) and aethyl-nitrosourea 
(ENU) have been shown to be carcinogenic 
for the skin, but most of the other carcino- 
genic nitroso compounds have not been pro- 
ven as skin carcinogens after topical 
application. 

The tetrazolium test (TZT) was introduced 
by Iversen in 1962. It was claimed that it 
could indicate substances with skin carcino- 
genic potency. The TZT was previously 
shown to be positive for MNU [1] which is 
also a powerful carcinogen for mouse skin. It 
was therefore found of interest to test some 
other nitrosamines both with the TZT and 
with topical skin applications. 

MATERIALS AND M E T H O D S  

Animals used 

Hairless mice of the hr/hr Oslo strain were 
used. Spontaneous skin tumours or lung ade- 
nomas have not been observed in these ani- 
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mals, but reticuloses in internal organs some- 
times occur in old animals [2]. 

All the mice were housed in plastic cages (8 
animals in each) in a modern animal depart- 
ment with constant light/dark rhythms and 
were given a standard diet and water ad 
libitum. The cages were cleaned, and fresh 
water supplied at noon, three times a week. 

Painting experiments 

All the substances were applied in a 1 °j / O 

solution in acetone prepared in the cold. The 
solutions were divided into small batches 
which were kept in a deep freeze. Each week 
a new batch was opened and used. 

For the painting experiments we used N- 
nitroso-dimethylamine (NDMA) from 
Eastman Organic Chemicals, Rochester, New 
York, U.S.A. N-Nitroso-diaethylamine 
(NDEA) and N-nitroso-diphenylamine 
(NDPA) were from Fluka, Buchs., 
Switzerland. For the TZT also N-nitroso- 
aethylurea (ENU) from Serva, Heidelberg, 
F.R.G., was used. 

In the painting experiments, groups of 40 
mice (16 males and 24 females) were given 
single weekly applications of 0.1 ml of a 1~o 
solution of the substance to be tested (i.e., 
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l i n g  per animal  per week) on the intersca- 
pular  area for 20 weeks. T h e  animals were 
examined every week for a period of 80 
weeks. Wheneve r  possible, a careful necropsy 
was performed when an animal  died, or at 
the end of  the experiments,  when all animals 
were killed. The  lungs were fixed in formalin 
for 2 4 h r  and then carefully palpated.  All 
lesions felt (down to a size of 0 . 2 x 0 . 1 m m )  
were studied histologically. 

T Z T  test 
T h e  te t razol ium test ( T Z T )  was performed 

as described by Iversen [3]. Eight animals 
were used for each test. A skinfold from the 
back of  the mouse was held in a special pair  
of  forceps, and 0.02 ml of  a 1% solution of  
M N U  in acetone was dr ipped on the skin 
area inside the frame of the forceps. Th e  
acetone was allowed to evapora te  in the 
stream of  warm air from a hair-dryer .  Twen ty -  
four hr later  the animals were killed and the 
skin removed.  Each skin was fixed on a f rame 
and incubated  in a 1% solution of  t r iphenyl-  
te t razol ium chloride in a buffer solution for 
1 hr. The  skin was then placed in a solution of 
a m m o n i u m  chloride (1.48 mole/l, pH  9.5) and 
kept in the cold overnight.  The  next day the 
epidermis from the t reated area was removed 
and a similar piece of epidermis from the 
opposite, unt rea ted  side of  the back was used 
as a control.  T w o  ml acetone were used to 
extract  the red formazan produced by the 
epidermal  cells. The  degree of redness was 
measured photometr ical ly .  T h e  epidermis was 
dried and its d ry  weight determined.  Th e  
a m oun t  of  formazan per mg epidermis in the 
t reated area was compared  with the same 
value from the control  area. 

effects on their skin, i.e., small ulcerations and 
scarrings. Th e  mortal i ty  was small and the 
survival da ta  are given in Tab le  1. However ,  
no papillomas, carcinomas or sarcomas de- 
veloped on the skin or in other  organs (Table  
1). 

O f  the 102 surviving animals, 20 had lung 
adenomas (Table  1), 18 had a single lung 
adenoma,  one had two lung adenomas,  and 
one had three adenomas.  These two animals 
with more than one adenoma  had both been 
painted with NDEE.  T w e n t y  adenoma-  
bearing animals, among 102 surviving painted 
animals, against none in a similar group 
treated with solvent alone [4] (sec Discussion) 
is a significant result linking the occurrence of 
lung adenomas to the paintings 0~2=22.174, 
D . F . =  1, P < 0 . 0 0 1 ) .  Th e  similar statistics for 
each of the three nitrosamines were: 

NDEA:  ){2=14.118, D . F . = l ,  
P < 0 . 0 0 1  

N D M A :  Z 2 =  5.2334, D . F . =  1, 
0.01 < P < 0 . 0 0 5  

NDFA:  Z2=3.1168,  D . F . = l ,  
0.05 < P < 0 . 0 8 .  

T Z T  tesls 
Th e  results of the T Z T  are shown in Table  

2. A result of the T Z T  higher  than 1.2 is said 
to indicate a skin carcinogen. Carcinogenic 
potency was not indicated nei ther  for NDEA,  
N D M A  or for NDPA.  The re  were no epider- 
mal necroses or skin ulcerations after 
N D M A ,  which gave T Z T  values lower than 
1.0. 

A 2% solution of  M N U  gave a positive 
T Z T  result, indicating a carcinogenic 
substance. 

RESULTS 
Painting experiments 

All painted animals showed signs of  toxic 

DISCUSSION 

N D E A  has been shown to be carcinogenic 
in all animal  species tested. It  is a yellow, 

7?lble 1. 

Subs t ance  app l ied  Sex 
No. o f  an ima l s  

at s tar t  
No. of  an ima l s  

su rv iv ing  

No. of  an ima l s  with 
L u n g  

Skin tu rnou ts  a d e n o m a s  

N - n i t r o s o - d i p h e n y l a m i n c  M 16 1 t 0 3 
F 24 21 0 0 

N - n i t r o s o - d i a e t h y l a m i n e  M 16 16 0 4 
F 24 14 0 8 

, ,V-nitroso-dimet h y l a m i n e  M 16 14 0 2 
F 23 23 0 3 

S u m  M 48 44 0 9 
F 71 58 0 11 

T o t a l  119 102 0 20 
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Table 2. 

Concentration Result 
Substance applied (%) of TZT 

N-nitroso-diphenylamine 

N-nitroso-diaethylamine 

N-nitroso-dimethylamine 

N-nitroso-aethylurea 

1 1.10 
2 0.99 
1 1.05 
4 1.08 
1 " 0.89 
4 1.02 
1 1.17 
2 1.44 

volatile liquid. A survey of its chemical and 
physical properties and its carcinogenic pot- 
ency is given in Vol. 17 of the IARC 
Monographs on the Evaluation of the 
Carcinogenic Risk of Chemicals to Humans 
[4]. It induces benign and malignant tumours 
after administration by various routes, includ- 
ing ingestion, parenteral injection, inhalation 
and rectal instillation. The major target or- 
gans are the liver, respiratory and upper 
digestive tracts and kidney. After topical skin 
application to mice and hamsters, no local 
skin tumours have been observed, but squa- 
mous cell carcinomas from the mucosa of the 
nasal cavity were seen [5 8]. 

N D M A  has been shown to be carcinogenic 
in all animal species tested. It is a yellow oily 
liquid. A survey of its chemical and physical 
properties and its carcinogenic potency is gi- 
ven in Vol. 17 of the IARC Monographs on 
the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans [4]. It induces benign 
and malignant tumours following adminis- 
tration by various routes, including injection 
and inhalation, in various organs in various 
species. It produces tumours of the liver, 
kidney and respiratory tract. Experiments 
with topical skin paintings have not been 
reported in the literature up to 1977. 

NDPA is crystalline, appearing in olive- 
green tlakes. It is widely used in the rubber 
industry to retard vulcanization. There are 
few reports in the literature reporting the 
testing for carcinogenicity [9 11]. It is not 
mentioned in the IARC Monograph [4] on 
nitrosamines, probably because these testings 
were largely negative, and from the viewpoint 
of chemical structure it has not been con- 
sidered a carcinogen. 

Quite recently, however, Cardy et al. [12] 
showed that chronic feeding of experimental 
animals with NDPA gave rise to bladder 
carcinomas in a high percentage of rats, but 

gave only non-neoplastic bladder lesions in 
mice. No lung adenomas were reported. Thus, 
it seems that NDPA is a weak carcinogen for 
rat bladder and the present study has added 
evidence of a tumorigenic potency for hairless 
mouse lung after topical skin applications. We 
saw no bladder tumours. 

Both NDEA and N D M A  are previously 
shown to be carcinogenic for the respiratory 
tract. The occurrence of lung adenomas is 
certainly a sign of tumorigenicity and is also 
usually accepted as a sign of carcinogenicity. 
Hence, the painting experiments showed that 
the substances were resorbed through the skin, 
and acted as lung tumorigens. 

It is, of course, debatable whether the 
group of animals painted with the solvent 
alone in 1972 [2] is acceptable as a control 
group for statistical calculations. However, the 
author has for more than 20 yr used the hr/hr 
mice for carcinogenesis studies and performed 
autopsies on hundreds of mice treated with 
topical applications of benzene, acetone and 
carcinogens dissolved in these solutions. Lung 
adenomas have only been observed after car- 
cinogen treatment, particularly after fl- 
propiolactone and M N U  [13]. 

The dose of the carcinogen reaching the 
lung after skin applications is probably low. If  
the control value is absolutely zero, however, 
even three adenoma-bearing animals among 
40 (8°/0) is important. In the human situation, 
e.g., for an industrial carcinogen, tumours in 
8°/o of the workers exposed would be a serious 
epidemic. 

We have previously published results on the 
strong skin carcinogenicity of M N U  and pos- 
itive results obtained with the T Z T  [1]. 
Pelfrene [14] demonstrated that ENU is a 
skin carcinogen. 

Thus, if one sums up the present results 
with T Z T  for some nitroso compounds, the 
following correlation has been shown: 

T Z T  Skin carcinogenic potency 
M N U  + + 
ENU + + 
NDEA - 
N D M A  - 
NDPA - 

This is a strong support for the value of the 
T Z T  to find skin carcinogens. 
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